Abstract-Intermodal freight transportation is defined as a and accessibility for collection and distribution activities for system that carries freight from origin to destination by using medium to short distances. A comprehensive review of two or more transportation modes. In this system, hubs are one intermodal rail-truck freight transport literature is given in of the key elements that function as transferring points of [1] intermodal freight hub location decisions. The model comprises sustainablity and rail level of service (e.g., price; five dominant types of agents namely, hub operators, terminal punctuality, reliability or transit time) [2]. Among these, operators, infrastructure providers, hub users, and location of hubs is one of the most crucial success factors. It communities. An agent based modeling approach is introduced needs to be considered carefully as it has direct and indirect to allow negotiation to happen in order to achieve a global impacts on different stakeholders including investors, policy objective. The paper outlines the methodology to be used. It makers, infrastructure providers, hub operators, hub users, presents a conceptual design and an illustrative case study for and the community. an agent based model for the decision making process for The work presented in this paper relates to making models planning the location of intermodal freight hubs.
models. Only a few studies take community's benefits into hubs are one of the key elements that function as transferring account next to the costs and it is difficult to assess the points of freight from one mode to another. relationship between system level performance and the The added value of an intermodal freight hub depends on prefered solution for individual actors. This paper aims at four major factors, namely: location, efficiency, financial developing an integral model for the evaluation of road-rail . . . ' . ' . ' intermodal freight hub location decisions. The model comprises sustainablity and rail level of service (e.g., price; five dominant types of agents namely, hub operators, terminal punctuality, reliability or transit time) [2] . Among these, operators, infrastructure providers, hub users, and location of hubs is one of the most crucial success factors. It communities. An agent based modeling approach is introduced needs to be considered carefully as it has direct and indirect to allow negotiation to happen in order to achieve a global impacts on different stakeholders including investors, policy objective. The paper outlines the methodology to be used. It makers, infrastructure providers, hub operators, hub users, presents a conceptual design and an illustrative case study for and the community. an agent based model for the decision making process for The work presented in this paper relates to making models planning the location of intermodal freight hubs.
to support the decision making process for choosing a location and realising a new freight hub. There are a number Index terms: Agent-Based Model, intermodal freight hub, of operation research studies aiming at optimizing ontology, decision J nterodal freight transportation is defined as a system Only a few studies pay attention to minimizing social costs that carries freight from origin to destination using or externalities which are more difficult to be assessed in two or more transportation modes. This research monetary terms. In addition, there have been several focuses on road-rail intermodality which is contestable with attempts to evaluate intermodal freight hub location road only options over longer distances. Transport by train is decisions by using conventional multi-objective evaluation cost-effective for transportation over a long distance and models. The conventional methods generally apply a with large quantities while road is more flexible in its route weighting factor to each stakeholder in the evaluation process [5] [6]. In this method, negotiations among freight [12] . like a certain option for the new hub.
In an ABM a clear distinction between social and An agent based modeling approach is introduced to allow technical aspects of a system can be made. Infrastructures negotiations between the players to happen so that a global can be considered from both the technical and social objective can be achieved. A case study of intermodal freight perspective. The technical perspective includes the physical hub location decisions is presented in this paper to illustrate components of the infrastructure, not only the links (e.g., the benefits of the approach. A traditional approach for the roads or rail tracks) but also the nodes (e.g., harbours, freight initial location selection process and an optimization model hubs or distribution centres). Also the objects travelling with individual objective functions is presented in [8] . Multi-through the infrastructure (e.g., trucks and trains) are part of objective multi-actor evaluation model for intermodal freight the physical reality. The social perspective contains the body hub location is an integration of two main models, namely, a of human actors, governments, companies and the economic land use allocation and transport network model. environment that own, control, use or contain (parts of) the The rest of this paper is structured as follows: Section II infrastructure. describes the agent-based approach and the application on In the model, both social (actor) networks and physical the decision making process for the freight hub location. networks are represented by nodes and links. Two layers of Section III contains the conceptual design for the agent-the networks are created. Physical links (such as a train based model. In Section IV an illustrative example is connection) can only exist between physical parts of the presented, which aims at demonstrating the applicability of network (for example a harbour and a freight hub) and never the design to this problem. Finally, Section V summarizes directly between actors. On the other hand, social links (such the above and gives directions for future research. When the characteristics of a system are that it is modular, important because it allows experiments in which the decentralized, changeable (i.e., the structure is not constant), physical context of decision making can be changed; while ill-structured and complex (i.e., the system is heterogeneous, keeping the model of decision making the same, or, on the has non-stationary, non-linear dynamics, contains feedback other hand, changing decision making of actors given a loops, is organised and nested and shows emergence) then certain physical network. application of an agent-based approach should be considered When two agents communicate about a certain concept [9] . These characteristics match the characteristics of inter-(such as the transport mode of freight) it is vital that both model freight transport systems. In the case of the agents give the same interpretation to the meaning of the construction of a new hub the fact that the system is concept. Therefore it is of the utmost importance to changeable is especially apparent.
unambiguously specify each concept and its meaning. These In agent based modeling we develop a model of the concepts are also used to model decision making rules. To system by describing it in terms of agents and possible formalize the description of the model and the relationships between agents. An agent can be seen as a communication between the agents, ontology is used. An software entity that is autonomous, reactive, pro-active and ontology is defined as a formal specification of concepts capable of social interaction [10] [11] . These properties [13] .
make Agent Based Models (ABM) very suitable for a bottom-up modeling approach in which a system is modelled III. CONCEPTUAL DESIGN FOR THE MODEL by making models of small parts of the system. System A Conceptual model for a decision making support tool for behavior then emerges from the behavior of the components the location of a new freight hub, based on the techniques of the model and their interactions.
from Section II is presented here. are on the short-list [8] . The situation under study is not a An ontology for the freight hub domain has been created greenfield setting, because there already is an existing [15] , based on an already existing generic ontology for other network of rail and road connections as well as an infrastructures [12] . This generic ontology has already been intermodal freight hub. An extension of the existing freight applied to the energy domain (e.g., distributed generation of hub is also a possibility [14] . The current network layout is electricity, trading of CO2 emission right) and industrial taken as the starting point for the problem owner.
networks (e.g., industry-infrastructure co-evolution, growth The second step is the evaluation of each of these of petrochemical industry clusters). The ontology has been solutions and making a decision on which location is most extended to incorporate concepts that play a role in the desirable. This is a complex process because the various development of a freight hub. actors have different objectives. The problem owner, in this Amongst the new addition to the ontology are rail and case the transport agency, has to find a solution that is road commodities, harbour, container terminal, freight hub, acceptable to most actors while guarding the overall distribution centre nodes, but also new properties such as performance level of the transport system system. For Geographical Information System (GIS) locations. New system level performance one can imagine for example actor roles, as identified in the beginning of this paper, form economic growth of the region, but also the reliability of the foundation of the new model. These concepts are transport service. This is a political choice. Because of the incorporated in the existing ontology, re-using possibly conflicting objectives of the actors, it is to be formalisations that are already present and in return offering expected that there is no solution that pleases everybody. new functionalities for other models using this ontology. Thirdly, different instruments and measures can be applied to be taken to encourage the infrastructure provider D. Bringing ItAll Together to actually build the hub at the location considered to be the The objective functions of the various stakeholders as well best by the transport agency. By trying out different policies as existing transport prediction models can be included in their effects can be analysed. A new freight hub has to be the ABM approach. These models provide a formal economically viable so a certain transport volume has to be foundation for the ABM model and provide the agents with a reached with a good price for transport and handling to medium for their decision. For example, an agent that ensure the new intermodal freight hub is a beneficial represents the local transport planning agency can run a investment.
transport model (e.g., in VISUM) to find out the traffic load on certain links which could be the base for taking its physical infrastructure with ownership relationships, a fifth decisions. The data from the ABM is input for the traffic agent represents the community. model, while the result of this run gives new input for the The physical nodes are connected to one another with an ABM. The mathematical utility functions and local infrastructure, consisting of rail and road links. A container optimization can be executed by all agents and they can terminal, here seen as the source of containers (the transport communicate the result back to other agents.
of containers by sea to the harbour is considered to be outside the scope of the system) is connected with the E. Setup ofExperiments intermodal freight hub by a rail link. From the freight hub The ABM needs to be run for each of the identified location two road links connect the sinks. Transport is only possible of the new freight hub (including expansion of the existing between nodes that have a physical connection, so in this hub). This is the main parameter of the model in the first set case we consider it to be impossible to transport containers of experiments. In each run, the model updates itself each directly from the harbour to the sinks without using the hub. time step to include the dynamic effects of this choice for a This simplification has of course a big impact on the hub location. This is done with a time horizon of 20 to 30 outcomes of the model, but not on the concept that is the years.
focus here. Over time, the values of the objective functions of all
The model is demand driven, which means that the sinks actors in the system have to be calculated. This results in a ask for a certain amount of containers per time step (one set of graphs that show how much the various actors like the year) and this request is processed by the source. For the potential new situation and how their degree of satisfaction transport no capacity limits are taken into account. The costs changes over time as a result of the changes that are caused for the transport are calculated (based on on [16] ) and in their environment. This deals with the difficult issue of plotted for each of the nodes. Each time step the new dynamic effects and the possibly conflicting objectives of demand is calculated based on a gradual increase.
actors.
For the community we only take noise pollution into Next, experiments can be done with parameters that account. The noise generated by transport is calculated every influence the decisions of the actors in the system. By time step, taking into account the distance between the playing with a second set of parameters such as tax rates or community and the transport links. subsidies; and repeating the first experiment we can check B. Model Implementation the influence of these parameters on the output graphs. The goal is to change the value of the objective function of Repast agent based platform [17] . The ontologyis created in agents so that they more or less agree with each other. This RePasteagentobasedp tor [17] . Thent isureat the Protege ontology editor [18] . All agent behaviour has gives the problem owner new insight in how to control the b environment and how to influence actors. This insight can be X used to create the right conditions for building the freight open-source, the whole system is created using software that hub in the best location.
can be acquired for free. This adds to the transparency of the model and allows easy reproduction of the results.
F. Conclusions Figure 1 shows a screenshot of the model. The data of the The conceptual model describes a design for an agent-based model is all expressed in the ontology. Furthermore, Protege model that can support the problem owner in the freight hub is used as the knowledge acquisition tool and as a knowledge location decision problem. Next, an illustrative example is
base. An easy to use Graphical User Interface (GUI) guides presented that is based on the conceptual design presented through the different steps in formalising data from a here.
domain.
All agents, physical nodes, their properties and fixed links IV. AN ILLUSTRATIVE EXAMPLE are stored in the knowledge base. A reader has been developed that automatically accesses the knowledge base. This section aims at demonstrating the applicability of the The reader goes through the items in the knowledge base and conceptual design presented in Section III on the problem. A it creates Java objects that can be used directly in Repast.
proof-of-concept model has been developed with already For example, for each physical node in the network the existing building blocks.
properties such as the GIS coordinates are read from Protege. These nodes are then displayed at the right position A. Introduction on the screen. By simply changing the values of these The proof-of-concept model presented here is based on a parameters in the knowledge base, using the GUI of Protege, simplification of the problem discussed in Section III.C. the output of the agent-based model is influenced. Instead of a realistic infrastructure network with many nodes and links we decided to start with a simple physical network with four nodes: one source for containers, two sinks and one hub connecting the source and the sinks. There are four agents that each own and/or control one of these nodes in the physical network, together forming a socio-technical system. Next to the four agents that are directly related to the be taken into account. Because of the modular nature of O multi-agent systems the model can easily be extended.
In the next phase of the research we will extend the network with more nodes to represent the already existing physical network. Furthermore, we will concentrate on _.1 .implementing behavioural rules that take into account the other parameters the problem owner can adjust. 
